Highlights • IRSL SAR fading data at a much closer spacing than usual in luminescence dating • High-resolution fading curves revealing unexpected shapes • Shape of fading curves not consistent with the model of logarithmic signal decline 20 • Curve shapes varying and dependent on SAR measurement parameters • Results admonishing for caution in calculating fading rates and fading corrected IRSL ages Abstract. Feldspar, used for infrared stimulated luminescence (IRSL) dating, is known as a dosimeter which might not completely retain the environmental dose over time, therefore leading to age underestimation. The dose leakage is believed to be caused by non-thermal (anomalous) charge redistribution in the crystal and reflected in an IRSL signal which diminishes
Fading tests for SAR-dating 110
For SAR dating, Auclair et al. (2003) developed a protocol for fading measurements. Basically, following the SAR cycles used for sample dating, further SAR cycles are added, yet with a constant laboratory dose (Bleach + LABfad; with Bleach + ßfad being the corresponding IRSL signal) and increasing delay times (pauses) in between the irradiation and the IRSL-readout of an aliquot. The dependency of the signal decay on delay time is on a logarithmic time scale described by a linear function (cf. Fig. 4A in Auclair et al. 2003) . According to the fading model, anomalous signal fading occurs already during laboratory 115 irradiation. Depending on the strength of the laboratory source and the administered dose, irradiation times range mostly from a few seconds to several minutes, but may also last longer. Therefore, it is not possible to measure the full amount of signal loss. For comparing different samples, the signal decay is normalised to a given time after the laboratory irradiation, or rather to the point in time representing the middle of the irradiation period. With respect to that reference period (e.g., 2 days), the relative decay may be expressed as loss of signal in percent per decade (so called g-value, Aitken 1985) . Often, a g-value 120 which was obtained from signal loss observed at laboratory time scales is used for correcting the palaeodose (geologic time scales; long-term fading) and for calculating fading-corrected IRSL ages (e.g., Lamothe & Auclair 1999) . This shows that accuracy is essential in any g-value determination. Auclair et al. (2003) have developed rules for measuring anomalous signal fading with the SAR protocol, which are widely
Current best-practice rules for SAR-based fading tests

Further inconsistencies in the context of SAR based fading tests
For IRSL-readout at an elevated temperature, observations were reported which are not in agreement with the model of logarithmic signal decay. Steffen et al. (2010) found that signal loss after 2 days was not any different from signal loss after 88 or 102 days, thus suggesting that fading came to a standstill after a few days. For a sequence of laboratory doses read out with increasing delay Auclair et al. (2003) observed unexplainable behaviour of the initial measurement point. Using a novel 155 pIRIR approach (Thomsen et al. 2008) , Thiel et al. (2011) found fading for samples which yielded ages in agreement with the stratigraphic placement, and consequently considered the g-values being measurement artifacts. Trauerstein et al. (2012; 2014) showed that g-values determined on single grains (SG) tend to be lower than those gained from single aliquots (SA) of the same sample material. An explanation could not be given for that observation. In many publications, the g-value determination is based on only few data points, e.g., on one readout with short delay of several minutes to less than one hour and on two 160 more readouts after longer periods of one and two days, respectively (e.g., Lomax et al. 2014; Trauerstein et al. 2014) . Often, there is hardly any difference in the SAR values of the longest and the second longest interval, and the gradient of the regression line is therefore determined much by the difference of the first SAR value versus the level of the last two SAR values (cf., e.g., Fig. 6a in Trauerstein et al. 2014 and Fig. 3a in Preusser et al. 2014) . Fading-corrected ages calculated with SAR based gvalues have repeatedly been reported to either overestimate or to underestimate the expected ages (e.g., Li 2018; Lowick et al.
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2012; Wallinga et al. 2007 ). Most remarkable with respect to the present study, loess-borne sediment samples from southwestern Germany which had been dated with an MAA protocol usually did not show any fading, if signal detection was restricted to the blue-violet (410 nm) emission band (e.g., Lang & Wagner 1996; Kadereit 2002) . For details of the MAA fading tests see supplement 1. When, however, fading was measured with a SAR protocol signal loss was observed (cf. section 3). 170
Scope of the present study
The differing results of the fading tests of the MAA and the SAR approaches were surprising. Therefore, SAR fading tests on polymineral fine grains were investigated in more detail in the present study. The presentation of the results starts with SAR fading tests performed with IRSL-readout at room temperature, because the MAA fading tests had been performed that way and because relevant effects may very well be illustrated based on these (cf. section 3.1). The test series will be extended to 175 samples read out at elevated temperatures showing that for reliable fading tests temperature control is relevant also for these (cf. sections 3.2, 3.3). It is not intended to produce actual g-values, as these would be irrelevant for our study, and could not be transferred to other dating applications. The aim is to illustrate the general effects which may occur in the course of SAR fading tests. The magnitude of the effects, however, depends on the particular measurement setup and protocol (e.g., type of the luminescence reader, IRSL-readout temperature, preheat procedures, number of aliquots measured in one sequence) and
180 therefore would need to be traced and quantified in each luminescence laboratory and for each dating study individually. At first sight, some of the tests presented here might be regarded as not well conceived, e.g., if a higher liftup temperature than IRSL-readout temperature is chosen. The liftup temperature gives an upper limit for the temperature of the heating plate, at which an aliquot can be lifted from the turntable to the measurement position. The results of these tests, however, sensitize for possible interpretations of further tests. Our experiments also include measurements on an older reader type which is still in 185 use (e.g., Goldsmith et al. 2017 ) and on which inevitably numerous g-values were produced in the past.
Methods and samples
Luminescence readers
IRSL measurements were carried out on two luminescence readers in the Heidelberg Luminescence Laboratory.
(1) Risø reader model TL/OSL DA12 (serial number 27; Bøtter-Jensen, 1988 , 1997 Bøtter-Jensen et al., 1991) is equipped 190 https://doi.org/10.5194/gchron-2020-3 Preprint. Discussion started: 10 February 2020 c Author(s) 2020. CC BY 4.0 License.
Data handling and graphical representation of the results
230
Initial data handling used the software "Analyst" v4.31.9 (Duller 2015), or for the earlier measurements with a predecessor of the same software by the same author. Further data processing and graphical visualization occurred with Microsoft EXCEL TM 2016 and SigmaPlot v11.0. We present our results in graphs, in which we do not include error bars for the sake of clearness, but which are simple scatter graphs with lines connecting the individual symbols as a guide for the eye (see Figs. 2ff). Further, for easier visual perception we disregard the slightly differing time intervals for the prompt IRSL readout after laboratory 235 irradiation which in reality increase with an increasing irradiation time (if the mid-point of the irradiation time is taken as the zero point), but denote them uniformly as "0 s" on the x-axes of Figs. 4ff (both at the beginning and at the end of a measurement, i.e. the latter after the respective breach in the x-axis). As the results of the fading tests may show some scatter for any of the different analysed signal intervals (here: 0-10 s, 0-20 s, 0-30 s), which might distract from the general data trend, we present the results for several intervals, as to better bring out the overall course of the data. The different intervals are presented in the Since the very early and short intervals (e.g., 0-1 s) may show stronger scatter we did not consider these for graphical display.
For the same reason, we decided to present the results of the gross values and not the net signals after late light (LL) subtraction (Aitken & Xie 1992 with the exception of one test (Tfad-5), on three aliquots, either in one measurement sequence (most tests) or in three individual sequences . Whereas in some cases, the measurements on more than one aliquot showed identical results within the expected scatter of the data values thus representing merely repeated measurements, in other cases the position of an aliquot 260 within a measurement sequence mattered. To demonstrate this issue, we decided to show the results of all three aliquots for each fading test presented in sections 3.2 and 3.3. An overview on the tests presented in sections 3.1 to 3.3 is given in Fig. 1 .
figure 1 near here 1 First illustrated means that for the fresh aliquots the first SAR cycle with the natural luminescence signal (N or N+ß) was not considered for graphical display. Likewise, for used aliquots on which at the beginning of a test five SAR-cycles with zero delay (prompt IRSL readout after laboratory irradiation and preheating) were routinely measured, the first two precursor cycles were neglected and only the last three zero-delay cycles were illustrated together with the following cycles with longer pauses. These details, however, are owed to data sheet templates, but are not relevant for the interpretation of the results. Details on this issue may be tracked in supplement 2, columns BM -BP.
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Tests on reader DA12 and changeover to DA20 on loess-borne samples from SW-Germany with preheat 120 s
at 220 °C -IRSL readout without vs. IRSL readout with thermal assistance Fading test 1 (Tfad-1) was carried out in 2012 on a loess-borne sample (HDS-504) from southwestern Germany (Fig. 2 ). When measured with fading tests in the course of an MAA protocol in earlier studies (e.g., Kadereit et al. 2010; Lang & Wagner 1996 ; for details cf. supplement 1), the IRSL signal (blue-violet, 410 nm) 2 of polymineral fine-grains of loess-borne samples from SW-Germany had proved stable. However, when the SAR-protocol with the MAA-like preheat procedure (120 s at 270 220 °C) and the MAA-like IRSL at room-temperature was applied in the present study using the SAR protocol (on the same reader DA12 as used earlier for the MAA measurements), strong signal loss was observed ( Fig. 2a ). If that trend of signal loss observed in the laboratory is tentatively graphically extrapolated to geologic time scales, after a few 10 5 years a significant part of the signal would be gone ( Fig. 2b ). This result is in strong contrast to the findings of Lang et al. (2003) , who for the blue-violet IRSL signal could show agreement of IRSL ages with independent age control up to ~ 120 ka. When applying the 275 same Tfad-1-like measurement to samples from different areas, similar results were found (not illustrated here). Strangely, the signal loss does not follow a logarithmic decay function. Rather, the values seem to form a plateau for pauses ≤ 20 s and show a strong decline for pauses of 20 -60 s as well as a lesser decline for pauses > 60 s. This specific form of IRSL decline could be observed only because the number of data points were unusually high and the pause intervals were unusually narrow for fading tests. We tentatively omitted the results of the shorter pauses and every second result of the longer pauses in Fig. 2c to 280 mimic a more common fading test with fewer measurement points. In awareness of the course of the complete set of data points, it would obviously be inappropriate to describe the decline of the remaining values in Fig. 2c with a linear decay function (cf. "erroneous interpretations"), as conventionally done for g-value assessment.
figure 2 near here
In a further test on the same aliquot (Tfad-2) the range of pauses from 0 s to 120 s (covering the initial plateau, the strong 285 decline, and the transition to a gentler decline as observed in Tfad-1, Fig. 2 ) was investigated ( Fig. 3a ). With the findings of Rhodius et al. (2015;  cf. section 1.5) in mind, the non-logarithmic signal decay might suggest that the results for the shorter pauses represent IRSL-signals that are more temperature-assisted than those of the longer pauses, which are inevitably accompanied by increasingly longer time periods for the heating plate to cool down in between preheat and IRSL readout.
Therefore, two further subtests were included for the declining range 30-120 s with (1) IRSL after a warming (cutheat, i.e.,
290
ramp similar to a preheat to the required temperature but not held for several seconds or minutes) of the aliquot to 60 °C and
(2) IRSL-readout at 60 °C, with 60 °C being the liftup temperature in the respective measurement sequence. While IRSLreadout at 60 °C produced normalised SAR-corrected values well above 1 (up-pointing triangles in Fig. 3a) , the values from the warmed-up aliquot scattered around unity (diamonds). As assumed by Rhodius et al. (2015) , the control of the IRSLreadout temperature appears highly relevant to fading tests.
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As, however, the brief cutheat to 60 °C prior to IRSL-readout at room-temperature in Tfad-2 ( Fig. 3a ) might be interpreted to stimulate electron redistribution (sensu Auclair et al. 2003) , we repeated and extended that same test on a different loess-borne sample from SW-Germany (HDS-713) on reader DA12 in 2016 (Tfad-3, Fig. 3b ). Tfad-3 showed results comparable to those of Tfad-2, despite the liftup temperature this time being 20 °C, which compared to the room-temperature in the luminescence laboratory at the time of measurement. Additionally, for pauses ≥ 30 s we included a further subtest, with heating not on the conditions as for LAB. This is in contrast to the MAA-fading test (cf. supplement 1), in which an extra set of aliquots with the natural signal (Nfad) would also correct for possibly varying readout-temperatures between the actual dose measurements and the fading measurements. Therefore, it is plausible that samples may show fading with the SAR protocol and no fading with the MAA protocol.
Tfad-1 to Tfad-3 were run in an N2-saving mode, i.e., nitrogen flow occurred only for 120 s (quasi-manually induced by using 315 the Risø software Test500 for the manual operation of TL DA12) immediately before the start of the actual measurement which then was run in the N2 atmosphere (no previous generation of vacuum). When Tfad-3 was repeated on another fresh aliquot of sample HDS-713 with continuous N2 flow (results not shown here), the different N2 mode did not reveal any noticeable impact on the shape of the data curve. Therefore, these samples were subjected to additional fading tests using the SAR protocol. As the MAA protocol included a 335 preheat of 60 s at 250 °C and IRSL-readout at room-temperature, these same parameters were used for the SAR approach (section 3.2.2). For better comparison with the study of Auclair et al. (2003) , in addition elevated temperatures of 50 °C and 60 °C were applied for IRSL-readout (sections 3.2.1, 3.2.3). As the samples proved quite dim, despite rather large LAB and NRM of ~ 41 Gy (cf. section 2.3), we also included some tests on the brighter loess-borne samples from SW-Germany for comparison (cf. section 3.3). All these measurements were carried out on the reader Athenaeum (DA20) with a ~ 3.7 times 340 stronger β-source than reader DA12, which reduces measurement times accordingly. Basically, two types of fading protocols were applied, (1) one which covers pauses only up to 14,400 s-36,000 s (4-10 h) but includes a higher number of short pauses https://doi.org/10.5194/gchron-2020-3 Preprint. Discussion started: 10 February 2020 c Author(s) 2020. CC BY 4.0 License.
(cf. Fig. 4) and (2) one which covers pauses up to 64,800 s (18 h) but includes only a thinned-out number of measurement points (cf. Fig. 6a-c) . The latter follows Auclair et al. (2003) , but includes one semi-short pause of 196 s. In addition, it repeats the prompt IRSL-readout (denoted as "0 s delay" on the x-axes of Fig. 4 ff.) several times both at the beginning and at the end 345 of each fading test and also repeats the 196 s delay towards the end of the test. Such repetitions are considered as relevant, as beyond the LAB-by-LAB sensitivity changes monitored by the usual SAR-correction, they may monitor trends of sensitivity changes throughout a complete test measurement. Further, these repeat measurements provide an idea of the possible scatter of the values and therefore a more solidly grounded interpretation of the values connected to the longer pauses. In cases when more than one aliquot was measured, longer pauses ≥ 6,000 s (1.7 h) were taken together for all aliquots to save measurement 350 time. This means that the length of pauses was de facto slightly longer for the aliquots measured subsequently to aliquot #1, as for these IRSL-readout time of the previously measured aliquots plus, depending on the type of fading test, the time of preheating would add up to the actual pause. However, as these differences are minor and as we do not intend to calculate true g-values, this issue was not considered in the graphical display of the results of the tests. Instead, it was pretended that not only the shorter pauses but also the longer pauses were identically long for all aliquots measured in one sequence. Yet this 355 simplification does not affect the overall shape of the data curves.
IRSL 60 °C and liftup temperature 60 °C -Testing one aliquot vs. a sequence of three aliquots
Tfad-5 and Tfad-6 were performed on three previously used aliquots of the limnic sample HDS-1712 (Lake Chapala) distributed on turntable positions 1, 7 and 13 on reader Athenaeum to avoid possible effects of potential cross-bleaching (cf. Kreutzer et al. 2013 ). IRSL-readout occurred at 60 °C, after 10 s warmup. The liftup temperature was 60 °C. In Tfad-5 and Tfad-6 the pause 360 was placed in between preheating and IRSL-readout as recommended by Auclair et al. (2003) . In Tfad-5 ( Fig. 4a ) only one aliquot was measured (position 7) whereas in Tfad-6 ( Fig. 4b-d ) three aliquots were measured in one sequence. While the one aliquot in Tfad-5 does not show any sign of signal fading (Fig. 4a ), the three aliquots of Tfad-6 mostly show some trend of signal decline ( Fig. 4b+d ). However, whereas for position 1 the final prompt readouts (0 s, after the break in the x-axis in Fig. 4b) show by trend higher values than those for the longer pauses pointing to signal loss, the final prompt readouts for the aliquot 365 on position 13 continue the downward trend of the longer pauses ( Fig. 4d ). With regard to Tfad-5 some sort of heat accumulation in the immediate environment of the aliquot could explain these observations best. Again, the course of the data values is not compatible with logarithmic decay, as the declining trend is observed mostly for pauses ≳ 60 s, which, too, supports the assumption of some kind of varying heat accumulation, assisting the IRSL-readout sometimes more (short pauses) and sometimes less (longer pauses). Although the effects are not as clearly visible as for IRSL-readout at room-temperature on the 370 reader DA12, they would significantly affect potential g-value calculations towards an overestimation. True anomalous fading should be detectable in equal measure irrespective of the number of aliquots measured in one sequence. The measurements
show also that it is important to incorporate more than one immediately measured (zero delay) dose point. Possible fading cannot be evaluated against only one zero-delay dose point but has to account for the full range of the data scatter. In dating measurements ± 10 % deviation of a repeatedly measured dose point is usually regarded as an acceptable recycling ratio, and 375 should therefore be expected also in fading tests. Further, the results, e.g., for the aliquot on position 13 ( Fig. 4d) show the importance to measure dose points with zero delay also at the end of a sequence. Not only the range of the data scatter of dose points with zero delay at the beginning of a sequence may determine whether or not a possibly downward trend of the data from dose points with increasing delay time has to be assessed as signal loss, but also whether the complete sequence shows a downward trend of the data points which is not fully corrected by the SAR protocol.
380
figure 4 near here https://doi.org/10.5194/gchron-2020-3 Preprint. Discussion started: 10 February 2020 c Author(s) 2020. CC BY 4.0 License.
IRSL at room-temperature -Testing liftup temperature of 60 °C vs. 24 °C
Further tests on the same Lake Chapala aliquots were performed with IRSL readout at room temperature with the liftup temperature at first being 60 °C. In accordance with the observations of Rhodius et al. (2015) and Auclair et al. (2003) no 385 fading was observed when the tests were performed with the pause before the preheat (Tfad-7, Fig. 5a-c ; cf. green line as a guide for the eye) as suggested by Rhodius et al. (2015) and is present if the pause is inserted after the preheat (Tfad-8, Fig. 5df ; cf. pink line) as suggested by Auclair et al. (2003) . In comparison with IRSL-readout at 60 °C (Tfad-6, Fig. 4b-d ) the signal loss for IRSL-readout at room-temperature (Tfad-8, Fig. 5d -f) turns out being more dramatic, especially for the later measured aliquots. The lesser decline for the first aliquots is explained by less intense heat accumulation for the first aliquot in a row of 390 three successively measured aliquots. Again, a kind of plateau is observed for the shorter pauses, here ≲ 40 s, followed by a stronger decline up to ~ 7,200 s (2 hours), before the declining trend seems to fade out. This observation is in contradiction to a fading mechanism following logarithmic decline. However, any indication of seeming fading could be eliminated, when in Tfad-9 ( Fig. 5g-i) for pauses ≥ 120 s neighbouring empty turntable positions (here, e.g., 46-48 for the aliquot on position 1)
were heated (here each position for 180 s at 250 °C, which compares to the preheat temperature on the measuring positions)
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after the actual pauses, thereby actually extending the pauses (cf. Tfad-3). Although, according to the law of logarithmic decay, such longer delay times should reduce the remaining luminescence signal, like for the respective subtests on the loess sample from SW-Germany on reader DA12 in Tfad-3, the samples from Lake Chapala on reader Athenaeum did not show any increased fading, but no indication of fading at all. This corroborates the assumption that some sort of heat accumulation assisting the IR-stimulated electron eviction is responsible for the phenomena observed in Tfad-7, Tfad-8 and Tfad-9, rather than true 400 anomalous signal fading (Wintle 1973) or charge redistribution (Auclair et al. 2003) . Any indication of signal fading could also be eliminated if for IRSL readout at room temperature the liftup temperature was reduced to 24 °C (cf. Tfad-10, Fig. 5j -l).
This shows that for fading tests the liftup temperature needs to be adjusted appropriately low for a given readout temperature, even though this may elongate the time to complete a measurement. At present, the liftup temperature may be preset only for a complete measurement sequence uniformly and may not be adjusted for individual operations. Thus, a liftup temperature of 405 24 °C, which is appropriate for IRSL readout at room temperature, will require unnecessarily long cool-down times, e.g., prior
to preheating at 250 °C.
figure 5 near here
IRSL at 50 °C -Testing dense data points vs. thinned out data points
In Fig. 6 the results are compared for two fading tests on Lake Chapala sample HDS-1712 for IRSL readout at 50 °C and a 410 liftup temperature of 60 °C. In both cases extra heating was performed on neighbouring turntable positions after the longer pauses (3 x 60 s at 250 °C, which compares to the preheat temperature), which, in view of Tfad-9, should eliminate possible signal decline (cf. Tfad-9, Fig. 5g-i) . The two tests differ primarily in the number of measured dose points, plus that in the test with the thinned-out number of dose points not only the zero-delay dose point but also the 196 s dose point (shortest pause) was repeated at the end of the measurement sequence (cf. symbols after the break of the x-axes in Fig. 6a-c, Tfad-11 ). The 415 measurement with the dense data points clearly shows no signal decline ( Fig. 6d-f, Tfad-12) . In contrast, the measurement with the thinned-out number of LABs appears less straightforward to interpret. Strangely enough, a decline of data values, as observed for the aliquots on position 7 and 13, starts only for longer pauses (> 196 s), which does not conform to logarithmic decay, but may be owed to some heat accumulation for the first measured dose points (zero or short delay) as compared to the later measured dose points. This shows that an increased number of dose points, including the repeated prompt IRSL readout 420 of LAB, are beneficial for the interpretation of the data. Fig. 8d-f ). IRSL readout temperature was set to 50 °C when the preheat temperature was 250 °C and to 60 °C when preheat occurred at 280 °C. The liftup-temperature corresponded in each case to the IRSL-readout temperature. All tests -with the exception of one test for comparison (Tfad-16, Fig. 7j -l) -were measured in the way as recommended by Auclair et al. (2003) , i.e., with the pause immediately after irradiation and preheating.
As an overall result, none of the tests produced data corresponding to logarithmic signal decay. All tests showed a kind of 435 plateau for the shorter delay times and a decline of data points for the longer delay times. If the part of the initial semi-plateau is regarded to represent above-average temperature-assisted IRSL-readout, then the declining part of the data curve (up to ~ 10,000 s or 2.8 hours, respectively) may be regarded as IRSL-readout with decreasing temperature assistance rather than true anomalous fading. However, the shape of the data curve, especially the length of the initial plateau, varied with the variation of additional measurement parameters. Fig. 6a ) who also found an expiring of the fading after a while.
figure 7 near here
Tfad-14 compares to Tfad-13, but in contrast to the latter fading test it was performed with continuous N2 flow, instead of only 120 s N2 purge at the start of the SAR measurement. Compared to the fading test without continuous N2 flow the intitial part of the (semi-)plateau of the double normalised SAR values (30-120 s for Tfad-13) is extended up to pauses of 600 s (10 min) ( Fig. 7d-f ). Like in the previous test (Tfad-13) the values representing the longest pauses seem to scatter at a lower level, rather 455 than to continue a decline as expected for true anomalous fading.
In a further test (Tfad-15, Fig. 7g -i) the aliquots were analysed separately in three individual SAR runs. This variant is similar to a SAR protocol version with aliquots run one at a time (but, of course, without the possible heat influence on an aliquot from previously measured aliquots). This, too, leads to an elongated initial (semi-)plateau of the double normalised SAR values up to pauses of 1800 s, 3600 s or even 7200 s (0.5-2 h), depending on where one tends to divide the data curve by mere visual examination. Irrespective of the tentatively placed points of separation, elongation of the initial (semi-)plateau is more efficient than with continuous N2 flow, but the values drop subsequently sharply to a level ~ 4-6 % below the level of the data points https://doi.org/10.5194/gchron-2020-3 Preprint. Discussion started: 10 February 2020 c Author(s) 2020. CC BY 4.0 License.
representing zero delay. Scattering at the lower level, as observable in the previous tests Tfad-13 and Tfad-14 is not discernable in Tfad-15.
Compared to Tfad-13 ( Fig. 7a-c) the initial (semi-)plateau may also be elongated by extra heating on neighbouring turntable 465 positions, by lowering the liftup temperature to 24 °C (both tests not shown here) or if the pause is placed before the preheat (Tfad-16, Fig. 7j-l) ), as recommended by Rhodius et al. (2015) . Although this mode provides readout temperatures as homogeneous as possible throughout a complete SAR fading test, it nonetheless leads to a data curve not compatible with simple logarithmic signal decline. It seems that during the measurement period of the dose points with shorter pauses (here ~ 600 -2400 s, i.e., up to 40 min), likely due to the repeated preheating and IRSL readout at elevated temperature in short 470 intervals, some kind of heat accumulation assists the IRSL readout in the luminescence reader. That the IRSL signal increases with increasing readout-temperature has been shown earlier, e.g., by Habermann (2000) and was confirmed in the course of the present study for Lake Chapala sample HDS-1712, which in the temperature range 41-80 °C showed a signal increase of ~ 1 % per additional K readout-temperature (cf. supplement 1). In a reverse conclusion, ~ 4-5 % signal decline, as observed in most of the here presented fading tests, could correspond to a decrease of the readout temperature of ~ 4-5 °C, or the other 475 way around, a ~ 4-5 °C higher temperature for the shorter pauses than for the longest pauses. However, such a conclusion would be correct only, if all the observed signal decline was caused by a difference in readout temperature. That readout temperature plays a role, could be shown by the tests including additional heating on neighbouring turntable positions (e.g.
Tfad-9, Fig. 5g-I, section 3.2.2) . Nevertheless, some of the decay may be caused by true anomalous signal fading as originally defined by Wintle (1973) . However, if both (1) true anomalous fading and (2) variations in the temperature assistance of the 480 IRSL signal are responsible for the shape of the data curve, the proportion of true anomalous fading cannot be deduced from the SAR corrected data points. These would only give a possible maximum range of the non-thermally assisted fading of an IRSL signal. The best precaution to provide readout temperatures as homogeneous as possible for each data point is to preheat an aliquot immediately prior to IRSL readout. Such a procedure should narrow down the maximum degree of fading, which may be derived from SAR fading tests, as much as possible. Tfad-17 ( Fig. 8a-c) and Tfad-18 ( Fig. 8d-f ) on sample HDS-713 were performed on reader Athenaeum (DA20) on turntable positions 40, 44 and 48, respectively. IRSL-readout temperature and liftup-temperature were 60 °C. For these two tests, however, the preheat temperature was 280 °C. The tests were performed with continuous N2 flow. Whereas the preheat 490 duration of Tfad-17 was 20 s, it was elongated to 60 s in Tfad-18. Tfad-17 exhibits very short initial plateaus, i.e., for pauses up to ~ 20 s, before values drop to a lower level, around which they scatter for the longest pauses. The three times longer preheating at a relatively high preheat temperature of 280 °C in Tfad-18 leads to much longer initial (semi-)plateaus, which include pauses up to 14,400 -18,000 s (~ 4-5 h) ( Fig. 8d-f ). The initial part of the data curve of the third aliquot (position 48; Fig. 8f ) measured in one row seems to overshoot the initial plateau level for the shorter pauses ≲ 600 s (10 min), likely as a 495 result of increased heat accumulation due to repeated and long heating in short intervals. The difference between the largest (~ 1.04) and the smallest values (~ 0.94) amounts to 10 %. With regard to pure anomalous fading, it would not be expected that aliquots measured after stronger preheating (here 60 s at 280 °C) exhibit up to two times stronger signal decline than aliquots measured after more moderate preheating (here 60 s at 250 °C as in . A larger difference in IRSL readout temperatures between the shorter and the longer pauses for the fading test with the stronger preheat procedure 500 may explain that phenomenon. Thus, Tfad-17 and Tfad-18 ( Fig. 8) show again that the data curves of the fading tests do not follow the expected course of logarithmic signal decay. Moreover, the shape of the data curves may be manipulated by varying the SAR parameters (here the length of the preheat duration and the position of an aliquot in a sequence of three measured aliquots). • (a-c) Tfad-7, (d-f) Tfad-8, (g-i) Tfad-9, (j-l) Tfad-10.
• (a -c) Irradiation, pause, preheat (Rhodius e al. 2015) versus (d -l) Irradiation, preheat, pause (Auclair et al. 2003 ). 
